Abstract: Rheumatoid arthritis is a common chronic inflammatory and destructive arthropathy that consumes considerable personal, social and economic costs. It consists of a syndrome of pain, stiffness and symmetrical inflammation of the synovial membrane (synovitis) of freely moveable joints such as the knee (diarthrodial joints). Although the etiology of rheumatoid arthritis is unclear, the disease is characterized by inflammation of the synovial lining of diarthrodial joints, high synovial proliferation and an influx of inflammatory cells, macrophages and lymphocytes through angiogenic blood vessels. Disease-modifying antirheumatic drugs slow disease progression and can induce disease remission in some patients. Methotrexate is the first line therapy, but if patients become intolerant to this drug, biologic agents should be used. The development of biological substances for the treatment of rheumatic conditions has been accompanied by ongoing health economic discussions regarding the implementation of these highly effective, but accordingly, highly priced drugs are the standard treatment guidelines of rheumatic diseases. In this way, more efficient strategies have to be identified. Despite numerous reviews in rheumatoid arthritis in the last years, this area is in constant development and updates are an urgent need to incorporate new advances in rheumatoid arthritis research. This review highlights the immunopathogenesis rationale for the current therapeutic strategies in rheumatoid arthritis.
INTRODUCTION
Rheumatoid arthritis (RA) is the most common form of chronic inflammatory arthritis, characterized by inflammation of the joints, resulting in synovial hyperplasia by infiltration of activated immune cells leading to further cartilage and bone destruction [1] . In 1500 BC, Ebers Papyruralies described a condition similar to RA. Several reports have suggested over time that Egyptian mummies were found to have deformities similar to arthritis, however only in 1800 this condition was named RA by Garrod, replacing the old terms arthritis deformans and rheumatic gout [2] .
RA occurs worldwide although the estimated prevalence ranges from around 1% of the adult population in northern Europe and USA to around 0.5% in other geographic areas. This disease is clearly commonest in women than in men with a ratio of approximately 3:1 [3] . RA can develop in persons of any age, with a typical onset age of 55 years [4] . Mortality rates in RA are higher than in the general population (ranges from 1.28 to 2.98) [5] . Life expectancy is shortened by up to 3 to 5 years, especially in patients that develop treatmentrelated adverse effects including infections, tumors and gastrointestinal toxicity from drugs used in RA therapy [4, 6] . Furthermore, it is known that patients with RA are at increased risk for acute cardiovascular events, compared with the rest of the population [7] . In this way, the commonest cause of death in RA is cardiovascular diseases, accounting for more than 50 % of the mortality [1] .
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Genetic Factors and Environmental Pressure
As many other diseases, RA is a combination of genetic and environmental factors that when present, increase the susceptibility to develop clinical manifestations [2] . Several loci contribute to the genetic risk for RA, with the human leukocyte antigen (HLA) locus being the most significant, and accounting for 30% to 50% of overall genetic susceptibility to RA [8] . HLA molecules are essential for antigen presentation in the immune response. Although the association between HLA and RA is not fully understood, it appears that antigen presentation and the type of immune activation that leads to (auto)antibody formation are important in RA [9] . Other locus with strong association are described in Table 1 , highlighting a polymorphism in the protein tyrosine phosphatase nonreceptor 22 (PTPN22) gene, which encodes the protein tyrosine phosphatase [8] . Recent genome-wide association studies (GWAS) meta-analysis discovered novel RA risk loci with significant at a genome-wide level of significance, accounting for 101 [10, 11] . However, these risk loci do not fully explain the genetic contribution to disease susceptibility, and common genetic variants do not have equal causative effects [12, 13] .
Several environmental factors have been associated in the development of RA, however not all are consensual. It is believed that early life factors, such as higher birth weight or maternal smoking, may be important in developing the risk of RA. Tobacco smoking is the environmental factor remarkably most associated with a higher risk of RA [3] . A study revealed that smoking history of more than40 pack-years increases 2-fold the risk of RA (compared to nonsmokers), persisting even after smoking cessation [15] . However, this higher risk of RA is just presented in patients with seropositive RA (rheumatoid factor, RF, positive) and, especially, patients with positive anti-citrullinated peptide/ protein antibodies (ACPA) [3] . Other bronchial stressors such as silica are also defined as risk factors for severe RA. Furthermore, infectious agents, such as Porphyromonas gingivalis associated with periodontal disease, are also linked to RA as environmental factors [15] . 
Classification Criteria
The classification criteria of RA proposed by the American College of Rheumatology (ACR) in 1987 differentiated established RA from other rheumatic disorders [16] , but it is not precise for early disease stages. Indeed, the classification criteria were based on patients in whom the average disease duration was 7 years and were consequently highly specific for established RA [17] . Four of the seven next criteria must be present, and criteria 1-4 must have been present for at least 6 weeks: morning stiffness (≥ 1 hr); arthritis of three or more joints areas; arthritis of hand joints (> 1 swollen joint); symmetric arthritis; rheumatoid nodule; serum RF; radiographic changes (erosions).
Actually, it is known that there is a period of development of RA that is characterized by abnormalities of autoantibodies and other biomarkers in the absence of clinically apparent inflammatory arthritis that characterizes RA [18] . The first RA-associated antibody, RF, was discovered in 1940, and it was posteriorly found to be directed to the crystallizable fragment (Fc) region of imunoglobulina (Ig)G. More recently, it has been shown that the autoantibodies present in RA are antibodies directed against proteins containing citrulline epitopes. These antibodies are called ACPA and can recognise the non-classical amino acid citrulline, present on a protein sequence. Citrulline is produced by a post-translational modification of arginine mediated by an enzymatic process. This reaction occurs during a variety of biological processes, including inflammation [9] . In fact, there are commercially available anti-cyclic Citrullinated Peptide (CCP) ELISA assays, based on artificial CCP, of which several generations exist (e.g.., CCP2, CCP3) [18] .
New criteria for the classification/ diagnosis of RA were therefore proposed in 2010 by experts from both ACR and European League Against Rheumatism (EULAR) [19] . The most common clinical manifestations of RA are gradual onset of polyarthralgia with symmetrical, intermittent and migratory joint involvement, especially in the hands and feet. It is important to note that, due to its clinical importance, feet involvement was included in the ACR/EULAR 2010 classification, despite the fact that their involvement was not part of some of the activity index. Symmetrical inflammation of small and large articulations accompanied by morning stiffness is also a common symptom of RA [2] .
The new criteria consider a probabilistic method to RA diagnosis and are particularly useful before the erosions that are typical when RA is detected (Fig. 1) . They include four scored areas: symptom duration (< or >6 weeks), number and site of involved joints, biomarkers of inflammation (acutephase response), and biomarkers of specific autoimmunity (RF and ACPA). Only patients with at least 6 in 10 points, may be classified as having RA. Obviously, the criteria do not apply if patients already have joint erosions that are visible on standard X-rays [17] . In addition to identifying individuals at high risk for chronic disease activity and erosive damage, these criteria would also be used as a base for selecting patients who require targeted treatment early in disease progress [20] .
It is possible to define three phases in RA pathogenesis. In the first phase, autoimmunity develops in healthy but genetic-susceptible individuals, wh0 have not experienced any clinical manifestation. The second phase refers to the time immediately before to or the clinical start for diagnosis of RA. This stage has been difficult to study in man, despite several efforts made for the detection of first signs and symptoms of disease. In the third phase, inflammation is converted into a chronic and destructive process. At this stage the patients meet the classification criteria of RA, and they become the target of therapeutic approaches [21] .
Immunopathogenesis
Being an autoimmune disease, RA patients have a problem in distinguishing between self and foreign molecules. Humoral and cellular immune responses to autoantigens, like the production of RFs, occur in RA [1] . Although the cause of RA remains unclear, it is known that the immune and inflammatory systems are closely related to the destruction of cartilage and bone [22] . Indeed, the complex interaction of immune modulators (cytokines and effector cells) leads to joint damage that begins at the synovial membrane and affects most RA structures (Fig. 2) . The influx and/or local activation of mononuclear cells (including macrophages and T, B, plasma, dendritic and mast cells) and the formation of new blood vessels are characteristic of synovitis [23] . 
T Cells
CD4+ helper T (Th) cells make a crucial contribution to the development of inflammatory arthritis, where two T-cell subsets have been well characterized. T cells undergo polarization into either Th1 or Th2 cells, which is mutually exclusive. Th1 cells have pro-inflammatory potential and promote certain humoral responses, whereas Th2 cells exert anti-inflammatory effects [22] . RA is clearly characterized by a change in the direction of the pro-inflammatory Th1 phenotype, with overproduction of interferon (IFN)γ and unsuited production of Th2 cytokines like interleukin (IL)-4 and IL-13.
The model attributing a key role to a Th1/Th2 imbalance in RA was clarified by the identification of Th17 and T-regulatory (Treg) lymphocyte subsets [24] . Th17 cells produce the proinflammatory cytokine IL-17, which acts on several cell types found in rheumatoid joints: monocytes, macrophages, fibroblasts, osteoclasts and chondrocytes. Furthermore, this cytokine also induces a wide range of effector molecules implicated in joint damage [8] . The immune response needs to be controlled to avoid chronic inflammation. For this purpose, Treg cells, known to have suppressor activity, are pivotal in the maintenance of selftolerance [25] . Although Treg cells can regulate any Th subset, special attention has been given to the Th17/Treg balance [26] .
Th22 subset is a more recently identified Th subset, which is characterized by secretion of IL-22 but not IL-17 or IFN-γ [27] . IL-22, a member of IL-10 cytokine family, has been believed as an important player in regulating inflammatory responses associated with many inflammatory diseases [28] . It was demonstrated that the number of Th22 cells significantly increased in the peripheral blood of patients with RA compared with healthy controls [28, 29] . However, recent results indicate that Th22 cells are less potent in inducing synovial inflammation compared to Th17 cells [30] .
Although its role is not fully understood, Th9 are also overexpressed in RA synovial tissue [31] . This cell subset, characterized by the production of IL-9, is increased in RA and is specifically activated by citrullinated peptides [32] .
B Cells
B cells play several key roles in the pathogenesis of RA. Their primary function is the production of autoantibodies, RF and ACPA, resulting in a large immunecomplex. Through complement and Fc-receptor activation, this structure can stimulate the production of proinflammatory cytokines, such as TNF-α [1, 23]. Furthermore, B cells with specificity for selfimmunoglobulin can bind and internalize immunoglobulin-antigen complexes and enhance antigen-presenting function by generating a wider range of peptides [34] . In this way, besides the production of autoantibodies and pro-inflammatory cytokines, B cells can also present antigens to T cells and supply costimulatory signals which are crucial for T cell activation, clonal expansion and effector functions [35] .
Synovial Fibroblasts
There is growing evidence that activated synovial fibroblasts (SFs), largely present in rheumatoid synovium, are one of the main players in the destructive process of RA [36] . Once activated, SFs produce increased amount of cytokines, chemokines and matrix-degrading enzymes that inhibit the contact with neighboring inflammatory and endothelial cells, which leads to destruction of articular cartilage and bone [37] . In this way, the production of cytokines and chemokines helps to recruit macrophages, neutrophils and T cells or the rheumatoid synovium, which attract more inflammatory cells and, which, in turn, increase the activated state of the SFs and of osteoclasts [1].
Osteoclasts
Osteoclasts are the prime bone resorbing cells, vital for the remodeling of bone throughout life. These multinucleated cells of hematopoietic origin have two key molecular machineries, essential to their bone resorb function [38] . Osteoclasts utilize a proton pump to acidify the environment deep to the ruffled border and solubilize mineral from bone. In addition, proteolytic enzymes including matrix metalloproteinases (MMPs) and cathepsin K are secreted that degrade the organic bone matrix [39] .
Chondrocytes
Chondrocytes are a cell population exclusive of adult human articular cartilage, which covers the articulating surfaces of long bones. Under physiological conditions, the chondrocytes keep a constant balance between the synthesis and the degradation of matrix components [40] . However, influenced by synovial cytokines (mainly IL-1 and IL-17A) and reactive nitrogen species, cartilage is gradually deprived of chondrocytes, resulting in apoptosis [14] .
Macrophages
Macrophages are of vital importance in the pathogenesis of RA, due to their higher presence in the inflamed synovial membrane, their activation status and their successful reaction to antirheumatic therapy [1, 41] . Activated macrophages display different phenotypes depending on the nature of the recruiting stimulus and the location [42] . Activated macrophages may release cytokines (IL-1, IL-6, TNFα), chemokines (e.g, monocyte chemotactic protein-1, MCP-1/CCL2), digestive enzymes (e.g, collagenases), prostaglandins, and reactive oxygen species (ROS), responsible for damage of the normal tissues [43] . Moreover, activated macrophages contribute to the activation and proliferation of antigen specific T-cells due to their participation in antigen presentation [44] .
Current RA Therapy
The treatment of RA in the last years is characterized by a firm evolution of new agents and new approaches [45] . Progress in knowledge about cellular and molecular mechanisms of RA and the development of new therapies have altered the overview of scientific community about RA. Discoveries concerning its pathogenesis have led to the development of new agents with specific molecular targets, which have changed the prognosis for numerous RA patients. Treatment paradigms in RA have shifted dramatically from controlling symptoms (using nonsteroidal antiinflammatory drugs, NSAIDs, and corticosteroids) to controlling the disease course with the suppression of inflammation (disease-modifying antirheumatic drugs, DMARDs, and biologics) [17] . This change in RA management results from growing evidences suggesting that early RA identification and treatment with DMARDs lead to improved prognosis and outcomes. Therefore, the aims of RA management, besides disease remission, also include an improved functional status. This issue can be assessed by radiographic joint damage, an important analysis for the impact that the initiation of suitable treatment during early RA has on these outcomes is essential [46] . The present treatment objective in RA is to reach permanent, and complete disease suppression leading in remission or even cure. Remission stops damage, prevents disability, increases quality of life and lowers mortality rates. Remission should be defined as the absence of disease activity, reflected as no clinical sign of synovitis, the elimination of smoldering, clinically silent synovial inflammation, and the control of acute-phase response. However, even constant "low-grade inflammation" is related to the possibility of comorbidities and increased mortality in RA [17] .
Pain relief is an important achievement in RA therapy, but is only partly achieved by NSAIDs or opioids drugs, which do not have any influence on the autoimmune character of the disease. However, glucocorticoids and immunosuppressive agents, normally used in combination to reduce pain and inflammation in short-term, are capable of achieving some clinical remission. Over an extended period of time, higher doses can induce severe side effects. Therefore, agents that possess the ability to constantly reduce inflammation and, therefore, maintain joint integrity, with minor side effects, are preferred for the treatment of RA [47] .
DMARDs form two main categories: synthetic chemical compounds (sDMARDs) and biological agents (bDMARDs). Due to the latest development, a new nomenclature for DMARDs has been recently proposed [48] . Therefore, the conventional sDMARDs (csDMARDs) will be applied to chemical agents such as methotrexate (MTX), sulfasalazine and leflunomide. In turn, tofacitinib, a new sDMARD to target JAKs, will be nominated as a targeted sDMARD (tsDMARD). The TNF inhibitors (adalimumab, certolizumab pegol, etanercept, golimumab and infliximab), the T cell costimulation inhibitor (abatacept), the anti-B cell agent (rituximab) and the IL-6 receptor (IL-6R)-blocking monoclonal antibody (tocilizumab) as well as the IL-1 inhibitor (anakinra) will be termed as biological originator (bo) DMARDs. Finally, the biosimilars (bs) therapeutic agents, such as bsinfliximab, recently approved by the European Medicines Agency (EMA), will be designated as bsDMARDs [49] .
Synthetic DMARDs
Of the many effective antirheumatic drugs available nowadays, DMARDs constitute the basis of treatment. Currently available DMARDs include synthetic or chemical drugs (Table 2) , of which EULAR recommends three due to their efficacy and safety profile: MTX, leflunomide and sulfasalazine [3] . In turn, parenteral gold salts and antimalarial agents (such as hydroxychloroquine and chloroquine) are used most commonly in combination with other synthetic DMARDs, rarely as monotherapy [3] . Tofacitinib, a new synthetic DMARD, is a Janus kinase (JAK) inhibitor blocking downstream signaling for several cytokines integral to lymphocyte function [50] . Although it was the first synthetic DMARD approved by the Food and Drug Administration (FDA) for RA therapy, as well as regulatory agencies in several countries, the EMA did not approve this drug [51]. MTX is the first line therapy indicated for the treatment of RA. MTX is an analogue of folate and, hence, has structural and physiochemical properties considerably similar to those of folate; it has two carboxyl groups in its molecule and both of them are most completely dissociated in the physiological conditions [52] . It is unable to cross biological membranes in the body by simple diffusion, due their hydrophilicity, suggesting involvement of a carrier-mediated transport system. In this way, several transporters that are able to mediate the transport of MTX have been identified [52] .
The study of MTX started in 1948, when Sidney Farber reports the successful use of aminopterin, an anti-folate in the treatment of childhood leukemia. To facilitate the manufacturing of aminopterin, the compound was modified, leading to the synthesis of MTX [53] . However, in 1950, Phillip Hench received the Noble Prize for has study of corticosteroids in RA and the clinical community lost the interest in the MTX treatment in RA [53] . Only in 1962, MTX was introduced for the psoriatic arthritis therapy, based on the erroneous supposition of eventual interference with the proliferation of connective tissues [45] . MTX was only approved for RA treatment in 1988, after two studies in which a total of 224 patient where treated for a maximum of 24 weeks [54, 55] .
The effects of MTX can be explained by several mechanisms, namely (i) inhibition of purine and pyrimidine synthesis, leading to inhibition of proliferation of the inflammatory synovial cells; (ii) inhibition of the synthesis of polyamines; (iii) alterations in cellular redox state and decrease in intracellular glutathione levels, resulting in reduced macrophage and lymphocyte recruitment function and improved apoptosis sensitivity; and (iv) inhibition of the enzyme aminoimidazole carboxamide ribonucleotide (AICAR) transformilase (ATIC), consequent in higher AICAR cellular levels, resulting in the inhibition of AMP deaminase and finally leading to high levels of extracellular adenosine [17] .
Biological DMARDs
At the end of the century, the RA treatment overview changed with the introduction of biologic targeted therapies. These therapeutic agents include monoclonal antibodies (mAbs) and genetically modified proteins targeted against cytokines or cellsurface molecules [56] . The identification of TNF as a vital player in the inflammatory process of the disease constitutes a milestone for key molecules and cells involved in RA pathogenesis as targeted therapies. Advances in knowledge of the role of T cells, B cells and cytokines such as IL-1 and IL-6 have contributed to the production of further biological agents, such as abatacept, rituximab, anakinra and tocilizumab, all approved after trials performed against MTX ( Binding to CD80/CD86, blocking T-cell co-stimulation iv. infusion every 4 weeks or sc.
injection once a week
s.c.: subcutaneous; i.v.: intravenous; CTLA: cytotoxic T-lymphocyte-associated protein
The interest of companies in the development of "biosimilars" has increased lately, due to the fact that patents for several biological agents with expire in the near future. Once these alternatives become cheapest, they could be translated into a more cost-effective RA therapy and allow access to biologics for inumerous RA patients worldwide [51] . In September 2013, infliximab-biosimilar therapy (CT-P13, Trade names: Remsima and Inflectra) was licensed in the EU for the treatment of RA [57] . Biosimilar infliximab products show similar efficacy and safety profiles to the original biological agent, and present similar therapeutic properties to other TNF inhibitors [49] .
Recommendations for the RA Treatment
In the last years, the ACR and the EULAR published recommendations for the use of cDMARDs and bDMARDs in RA treatment [49, 58] . In 2013, EULAR provided these updated recommendations following the same methodology used to develop the 2010 RA recommendations [59] . Some of the previous recommendations were deleted, and others were edited or divided. The items intent is to define the initiation of DMARD treatment using a csDMARD strategy in combination with glucocorticoids, followed by the addition of a bDMARD or another csDMARD strategy if any improvement is seen at 3 months, or the treatment target is not reached within 6 months. TNF inhibitors, abatacept, tocilizumab and, under defined conditions, rituximab are principally considered to have comparable efficacy and safety. If the first bDMARD agent fails, any other bDMARD may be used. The tsDMARD tofacitinib is also recommended (if licensed), after use of at least one bDMARD. Biosimilars are also addressed [49] .
The EULAR Task Force aimed to discriminate some generic principles of treating RA from individual recommendations on individual thera-peutic approaches. This discussion resulted in 14 recommendations, which reflect the balance of efficacy and safety of DMARDs. Except for the first two items, which are the cornerstone of the therapeutic approach to RA, they are not listed by an importance order, but follow a rational sequence and procedural hierarchy [49] .
Animal Models
Animal models of several human disorders have been developed with the aim of establishing effective and safe therapies. These experimental models are, mostly, induced by immunization with an antigen supposed participating in the analogous human disease [60] .
Although several species have been used over the years (Table 4) , rodent models of RA (both rats and mice) are the most common. This fact is due to the price, uniformity of the genetic background, and in mice, the ability to use genetically modified strains. Most RA animal models are based on an inducing agent, and even "spontaneous" models can be considered induced since they develop the disease upon the addition or deletion of specific genes in animals with a suitable immunologic susceptibility [61]. 
Collagen-Induced Arthritis Model
Among the aforementionated animal models for RA, collagen-induced arthritis (CIA) in DBA/1 mice is the most commonly used. The first report dates back to 1977, when Trentham and colleagues described that immunization of rats with an emulsion of type II collagen (CII) in complete Freund's adjuvant (CFA) assisted in the development of an erosive polyarthritis related to autoimmune response against cartilage [62] . Later, other researchers have developed similar methods for the development of CIA in mice [63] .
Several autoimmune disorders include the manifestation of autoimmunity to autologous proteins which have been tested for autoreactive T cells and antibodies in both human disease and animal models. In line with this, CII is one of the key autoantigens of human RA based on high amounts of anti-CII antibodies and CII-specific T cells detected in these patients. This higher prevalence, noted particularly during the early stage of RA, indicates that CII-specific immunity plays a key role in the beginning of inflammation in the articular joints. Since CII is the major constituent protein only expressed in the articular cartilage of joints, the immunity developed against the CII of heterologous species may induce joint destruction [65] . Similarly to RA, CIA mice susceptibility is associated with the expression of specific MHC class II molecules, specifically, I-Aq and I-Ar in the mouse, and HLA-DR1 and -DR4 in humans [66] .
CIA is easily induced after just one immunization with heterologous CII. This process boosts the immune system after few days, followed by immune activation in the joints after 1-2 weeks and an abrupt establishment of macroscopic arthritis just after 2 weeks, which can be maintained for several months after immunization. Within a few days after disease establishment, an inflammatory reaction damages the joint, with a very similar histopathology as observed in humans ( Table 5) . Active inflammation will decrease 3-4 weeks after disease establishment, leaving behind a destroyed joint behind, but without inflammation [67] .
CIA reacts poorly to NSAIDs or MTX, and is mainly unresponsive by gold salts, chloroquine, colchicine or levamisole. The reduced NSAID activity in CIA is considered as an additional advantage over other arthritis models [68]. 
CONCLUSION
Significant advances have been made in our knowledge about RA over the past decades. Valuable new information has been obtained from epidemiologic and genetic investigations, which has allowed the identification of pathogenic and regulatory components. Rheumatoid synovitis is a complex process in which loss in self-tolerance results in anomalies including recognition of citrullinated antigens by B and T cells. The identification of biological markers, allows the implementation of new RA classification criteria, to include patients at the earliest stages of disease, reducing their activity, preventing joint destruction and preserving physical function.
The discovery and targeting of novel pertinent pathways in the pathogenesis of RA created a huge opportunity of controlling this disease. It has been highlighted how the human genetic data can be efficiently integrated with other biological information to originate biological insights and drive drug discovery. Indeed, comprehensive genetic studies shed light on fundamental genes, pathways and cell types that contribute to RA pathogenesis, and provide empirical evidence that the genetics of RA can provide important information about drug discovery, and personal treatment of RA patients.
Further, knowledge of the mechanisms of action of DMARDs has contributed to the development of more effective therapy strategies. Biologic agents, the newer group of DMARDS, have improved the treatment outcome of patients. However, the higher cost is limiting their use. In this way, more efficient strategies have to be identified in order to improve inflammatory disease treatments while decreasing the side effects with an improved cost-benefit ratio.
Animal models have been a valuable tool, because they enable the establishment of more accurate models to predict the several precise variants of human autoimmune diseases including the early starting phase. In this way, we can be confident that the near future will provide the means for effective treatment efficiently of RA patients. 
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